Parasesarma plicatum, a common sesarmid crab in mangrove habitats of India, always climbs onto the mangrove vegetation during high tide. We studied whether this temporal niche shifting of the crab is an anti-predatory strategy against potential predators that invade their habitat during high tide. We studied the difference in density of this crab on the forest floor and vegetation during low and high tides in three selected study sites. Ex situ experiments were also conducted using the crab and a predatory fish simulating the habitat. The study confirmed that all the crabs climbed onto the vegetation from the forest floor during high tide and came down to the forest floor during low tide. Regression analysis revealed a positive correlation between water level and the height climbed by crabs on vegetation. Crabs completely migrated from sites which were fully submerged during high tide to nearby areas where mangrove trees and the shrub Acanthus ilicifolius provided them ample refuge above water level. Ex situ experiments showed that though P. plicatum could remain under water and feed in starved conditions, they climbed onto the vegetation above water level so as to seek refuge in the presence of predatory fish, Lutjanus argentimaculatus. Therefore, it is inferred that the tree-climbing character exhibited by P. plicatum is a strategy to escape from predators that invade their habitats during high tide inundation and flooding.
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ANTI-predatory strategies in animals have been well studied [1] [2] [3] [4] [5] . Animals reduce predation risk mainly by living in social groups, crypsis, avoiding predator-rich habitats, using refuges, armour or noxious chemicals, associating with aggressive species and speeding up vulnerable lifehistory stages 1, [6] [7] [8] . Intertidal animals like mangrove crabs are more prone to predation pressure during high tide from aquatic predators. (Figure 1 a) is a sesarmid crab found in marshy intertidal areas of mangrove habitats throughout the Indo-West Pacific region 9 . In India, it is distributed along both the coasts of the Peninsula and in Andaman and Nicobar Islands [10] [11] [12] [13] . They forage on decaying organic matter on the forest floor or in shallow waters 14 ( Figure 1 b and c) . This is an ecologically important species as it plays a key role in crab herbivory in mangrove ecosystems 15 While studying the mutualistic interaction between crabs and mangroves in Kerala, we observed P. plicatum always climbing on the nearby mangroves or seeking possible refuge during high tide inundation or monsoon flooding ( Figure 1 d-f ). This gave an impression that they wanted to avoid the flood waters. In all these habitats, we observed the presence of predatory fish, viz. Lutjanus argentimaculatus (Forsskål, 1775), Lutjanus johnii (Bloch, 1792), Terapon jarbua (Forsskål, 1775), Pisodonophis boro (Hamilton, 1822) and Epinephelus malabaricus (Bloch & Schneider, 1801) in the flood waters. This prompted us to study whether the temporal niche shifting was an antipredatory strategy exhibited by this crab to avoid potential piscine predators that invaded their habitat during high tide inundation. The investigation involved selection of study sites based on vegetation, observation of vertical movement and density estimation of P. plicatum during inundation and non-inundation. An ex situ experiment was successfully conducted employing the crab and fish simulating the habitat condition to confirm our in situ inferences.
Parasesarma plicatum

Study area
Kunhimangalam mangrove forest (1208N lat. and 7522E long.) occurs on the banks of Perumba and Three categories of study sites with different vegetation and inundation patterns and five replicates in each category having an area of 25 m 2 (5 m  5 m) were identified at random. These three categories were: site with only trees (A), site with only Acanthus ilicifolius (B) and site with only grass (C). Site A consisted of large trees of A. officinalis, A. marina and E. agallocha with hardly any under-vegetation. Trunks of these trees measured an average height of 4.64  0.63 m and DBH of 9.29  0.92 cm, and stood well above the high tide mark 16 . Site B was thickly vegetated with A. ilicifolius. Their uniform thickets measured an average height of 76  5.1 cm, and about 30% of their shoot system was exposed above water level during high tide. Site C was close to the mangrove vegetation, but normally got completely submerged during high tide. Sites A and B extended safe refuges to the crab during inundation.
Methodology
In situ experiments
Crab density and niche shifting: We estimated the density of this crab on the forest floor and on plants during low and high tides in the above three sampling sites. Crab density during low tide was estimated using a time-based visual count method. For this, we marked five 1 m 2 subplots in each of the 25 sq. m sampling sites with brown (to match with the sediment background) ribbons. The highest number counted in the sub-plot during a continuous 15 min observation after 10 min acclimatization was recorded as the density of this crab. The average density of five sub-plots was taken as the crab density per square metre. Crab density in 25 sq. m sampling site was thus calculated. To record the crab density on plants during high tide, all the plants in each of the five 25 sq. m sampling sites were scanned directly or using a binocular (Zenith 10  50 mm zoom). Graduated poles established in sites and graduated tree trunks provided exact height levels that the crabs positioned themselves during inundation. Data recording was done for a time period of 12 h. This was repeated five times for each site.
Ex situ experiments
Ex situ experiments were carried out to confirm the inference obtained from in situ experiments. Forty plastic tubs (105 cm  60 cm  60 cm) were filled with sediment from mangrove forest in a sloping manner. A thin layer of decomposing mangrove leaf litter was spread over it to simulate the forest floor. Three wooden poles of 50 cm height and 4 cm diameter were erected in each tub to simulate tree trunks. Poles were erected at ca. 15 cm apart. High and low tides were created within the tubs at an interval of six hours by controlling the flow of brackish water stored in an overhead tank. The level of water above the sediment was maintained at ca. 20 cm during simulated high tide. Five crabs were introduced into each tub three days before the experiments to acclimatize them to the new environment.
A single L. argentimaculatus (length 24.05  0.37 cm, wet weight 286.80  3.42 g) was introduced into each of the first set of ten plastic tubs. It is a predatory fish commonly seen in Perumba and Pullankode rivers, and frequently visits the Kunhimangalam mangrove forest when high tide water inundates the intertidal area. The second set of ten tubs was maintained only with crabs. This was kept as the first control. Vertical migration of P. plicatum in response to simulated high and low tides was observed for five days, i.e. five flood and five ebb tides.
The third set of ten tubs with four crabs in each, starved for 48 h, was employed to observe whether the crab preferred to remain under water in the absence of predators, if there was a strong need for feeding during simulated high tide. Subsequently, one L. argentimaculatus was introduced into each of the ten tubs. The fourth set of ten tubs was maintained with only starved crabs. This was kept as the second control. The response of P. plicatum was observed for five days. Thus of the total 40 tubs we maintained, 20 had normal crabs -10 with fish (experimental tubs) and 10 without (control tubs); 20 with starved crabs -10 with fish (experimental tubs) and ten without (control tubs).
Results
In situ experiments
There was mass migration of P. plicatum from the forest floor to the vegetation during high tide and back ( Figure  1 g ) during low tide in all the sites studied. The high tide density (number of crabs found on the vegetation above water level during high tide) of crabs in site A was significantly higher (85.00  13.85 individuals site -1 ) than the low tide density (number of crabs in intertidal areas during low tide; 24.80  6.16 individuals site -1 ; t = 3.96, P < 0.01). Site A showed an increase in crab density from 24.80  6.16 to 85.00  13.85 individuals site -1 . In site B, the high tide density was higher (107  10.15 individuals site -1 ) than the low tide density (84  6.38 individuals site -1 ), but the difference was statistically insignificant (t = 1.92, P > 0.05). These sites showed an increase only from 84  6.38 to 107  10.15 individuals site -1 . This was because A. ilicifolius, being small shrubs, could not hold many crabs above water level as mangrove trees could. The high tide density was zero in site C, though it registered a density of 144.6  35.68 individuals site -1 during low tide (Figure 3 ). This showed that only 57.64% of the crabs migrated from site C to sites A and B. The rest must have migrated to areas outside the designated sites. This inference was drawn on two counts: (1) P. plicatum did not remain in burrows during inundation as they were not habituated to do so and (2) site C showed almost zero crab density during inundation. These suggest that the crab temporally shifted its niche to tree trunks during high tide inundation.
In site A, the crabs climbed to a maximum height of 136 cm and congregated mainly between 46 and 52 cm from the water level (Figure 4) . In site B, crabs climbed up to 98 cm above water level, where they congregated mainly between 33 and 37 cm. The minimum height they climbed was between 2 and 11 cm from water level ( Figure  5 ). Regression analysis revealed a positive correlation between water level and height climbed by the crabs in site A (r 2 = 0.507) and site B (r 2 = 0.550). Crabs changed their location on vegetation according to the change in water level. Absence of crabs on submerged portions of plants indicated that the temporal niche shifting was in response to the rise in water level. P. plicatum has a conspicuously flattened body, relatively long propodi and short dactyli -the morphological features common to all tree-climbing crabs 17 . But this crab has never been found to exhibit treeclimbing behaviour when there is no rise in water level. 
Ex situ experiments
All the normal crabs in ten experimental and ten control tubs climbed on the poles in response to rise in water level, irrespective of the presence or absence of the fish L. argentimaculatus (Figure 6 ). Among the starved crabs in ten control tubs, 95.2% preferred to stay under water and fed on litter provided in the tubs, while the rest (4.8%) climbed on the poles (Figure 7) . Crabs on the poles came down to water for feeding after some time (21.32  0.64 min). Crabs that were feeding under water climbed onto the poles after 25.92  0.66 min of feeding. On the contrary, all the starved crabs in ten experimental tubs climbed on the poles as soon as the fish were introduced. When fish were removed from the tubs during simulated high tide, crabs climbed down from the poles and started feeding on the leaf litter provided. The vertical movement of crabs from water to the poles and back without any inhibition in the absence of predator fish, and movement of crabs to the poles but not back down in the presence of the predator showed that the vertical climbing was strongly influenced by the presence of the predator fish. We observed the same strategy adopted by P. plicatum against predators like L. argentimaculatus, L. johnii and P. boro in the mangrove habitat. High tide inundation provided a good opportunity for the predator fish to enter the habitat of this crab species. 
Discussion
Studies on anti-predatory strategies in crabs are limited. Available works report that crabs employ threat postures 18 , camouflaging [19] [20] [21] , autotomy 22, 23 , and hiding in burrows 24 and crevices 25 as anti-predatory strategies. Though the tree-climbing behaviour in mangrove crabs has been studied in detail 17, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , it has never been proved through experiments as an anti-predatory strategy 27, 33, 36 . Reportedly, there are 46 species of mangrove crabs worldwide, that show tree-climbing behaviour 17, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . The instinct of climbing trees in these crabs is generally associated with escape from flood waters 27 , foraging on fresh leaves 34 , search for shelter in tree holes and barks 30, 35, 36 , or for water in phytotelmata 27 . It could be an expression of circardian rhythm as reported by Vannini et al. 38 , because they could observe regular migration of Sesarma leptosoma twice a day in response to light. Cannicci et al. 39 noted tree-climbing behaviour in S. leptosoma as a response to visual recognition of aerial predators. Von Hagen 27 connected tree climbing in Uca males to effective display of chelipeds. Crabs like Aratus pisonii, S. leptosoma and Armases elegans are reported to climb trees to feed on fresh green leaves 17, 38, 40 . A significantly higher density of P. plicatum found on plants when compared to their density on the forest floor during high tide clearly indicates that this species exhibits tree-climbing behaviour. Its population did not show any circardian rhythm. They did not normally feed on green leaves during their stay on tree trunks, when high tide inundation occurred. Most of the time they sat heads down on trunks, watching the level of receding water. However, they used to suddenly jump to high tide water to escape from the detected aerial predators as a spontaneous reaction, soon again climbing on the trees when the aerial threat subsided. Tree-climbing crab Goniopsis cruentata also showed this type of behaviour as a common escape response 27 . P. plicatum did not use burrows as hide-outs to escape from predators, as is done by crabs like Metasesarma rubripes, Goniopsis cruentata, and Cardisoma guanhumi 27 . Many of the tree-climbing mangrove crabs which survive under water for long periods in experimental conditions preferred climbing on trees during high tide than remaining in their burrows 41 . P. plicatum hid in its burrow on the forest floor when threatened during low tide, but when threatened during high tide inundation it preferred climbing on trees as shown in the present in situ and ex situ experiments, to avoid water-borne predators. This inference is also supported by our field observations in different mangrove habitats in Kerala. P. plicatum can remain under water and feed on decayed litter as long as it does not detect any sign of predators in the surrounding water. The crab, thus, is intelligent enough to choose an appropriate shelter depending on the degree of threat existing in the habitat. In short, the tree-climbing character exhibited by P. plicatum during inundation and flooding is a strategy adopted by it as a normal but spontaneous response to rise in water level. Rise in water level brings water-borne predators near the crabs. Visual recognition of predators and subsequent selection of shelter have been reported in mangrove crabs like A. pissonni and S. leptosoma 42 , though such experiments have not been performed so far with P. plicatum.
